The objective of this experiment was to measure the influence of virginiamycin on the apparent ileal digestibility (AID) of AA by growing pigs. Fifteen barrows were surgically equipped with a T-cannula in the distal ileum and used in the experiment (initial BW = 35.0 ± 2.7 kg). Animals were randomly allotted to 3 dietary treatments with 5 pigs per treatment during a 6-wk experiment. Dietary treatments included 1) a basal corn-soybean meal diet, 2) the basal diet supplemented with 11 mg/kg of virginiamycin, and 3) the basal diet supplemented with 22 mg/kg of virginiamycin. Pigs were fed their respective treatment diets during wk 2, 3, and 4, but during wk 1, 5, and 6, all pigs were fed the basal diet. Ileal samples were collected on d 6 and 7 of each week. Results showed that the AID of all indispensable AA, except Arg, His, and Ile, increased (P < 0.05) during wk 2, 3, and 4 compared with wk 1 in pigs fed the diet containing 11 mg/kg of virginiamycin. Pigs fed 22 mg/kg of virginiamycin during wk 2, 3, and 4 had increased (P < 0.05) AID of Trp and Val during these weeks compared with the AID in wk 1. However, the increased AID of AA did not carry over to wk 5 and 6, when virginiamycin was withdrawn from the diet, regardless of the inclusion rate. In pooled data from wk 2, 3, and 4, the AID of CP, the mean of all indispensable AA, and Ile, Leu, Met, Phe, Trp, and Val increased (linear, P < 0.05) as virginiamycin was added to the diets, whereas a tendency (P < 0.10) for a linear or quadratic increase was observed for His, Lys, and Thr. These results indicate that addition of virginiamycin to corn-soybean meal diets fed to growing pigs increases the AID of AA, but this effect is not maintained after the removal of virginiamycin from the diet.
INTRODUCTION
Antimicrobial agents such as virginiamycin have been used in diets fed to swine during the last 5 to 6 decades (Cromwell, 2001) . Growth-promoting effects of 11 or 22 mg/kg of virginiamycin have been demonstrated (Jones and Pond, 1963; Pelura et al., 1980; Zimmerman, 1985) . Virginiamycin may also increase the digestibility of energy (Vervaeke et al., 1979; Ravindran et al., 1984; Gaines et al., 2005) and P if included in diets fed to pigs. The effects of virginiamycin on the apparent ileal digestibility (AID) of AA in pigs fed a semipurified diet have been determined (Dierick et al., 1986 ), but to our knowledge, there is no information on the effects of virginiamycin on AA digestibility in corn-soybean meal diets.
Virginiamycin may reduce the concentration of grampositive bacterial pathogens in the gastrointestinal tract of pigs, which in turn can reduce the production of lactic acid, ammonia, and certain amines in the gastrointestinal tract (Vervaeke et al., 1979; Ravindran et al., 1984; Cromwell, 2001) . A reduction in the intestinal concentration of ammonia and amines can reduce the rate of passage of digesta, which may increase the digestibility of nutrients in pigs (Kass et al., 1980; Kim et al., 2007) . If a change in intestinal microbial populations is partly responsible for the effects of virginiamycin, it is possible that the effects will persist for a period of time after virginiamycin has been removed from the diet, but we are not aware of any experiments that have tested this hypothesis. Thus, the objective of this experiment was to test the hypothesis that addition of virginiamycin to a corn-soybean meal diet would increase the AID of AA. A second objective was to determine if any effect of virginiamycin on the AID of AA would continue after virginiamycin had been removed from the diet.
MATERIALS AND METHODS
The protocol for the experiment was approved by the Institutional Animal Care and Use Committee of the University of Illinois.
Animals and Housing
The experiment was conducted in an environmentally controlled room at the University of Illinois at Urbana-Champaign. Fifteen growing pigs with an initial BW of 35.0 ± 2.7 kg were surgically equipped with a T-cannula in the distal ileum (Stein et al., 1998) . Pigs were the offspring of Line 337 boars mated to C22 females (Pig Improvement Company, Hendersonville, TN). After surgery, pigs were housed individually in 1.2 × 1.8 m metabolism crates. Each crate had a fully slatted expanded metal floor, a stainless steel feeder, and a bowl-type drinker. Pigs were allowed a 7-d recovery period after the surgery before experimental diets were fed, and they had free access to diets and water during the entire experimental period.
Diets, Experimental Design, and Sample Collection
A basal corn-soybean meal diet was formulated (Tables 1 and 2). The diet was formulated to contain 1.0% Lys, which was believed to meet the requirement for pigs growing from 35 to 70 kg. Two additional diets were formulated by adding 0.05 or 0.10% of a virginiamycin premix (Stafac 2.2%, Phibro Animal Health, Ridgefield Park, NJ) to the basal diet at the expense of cornstarch. At these inclusion rates, the diets were supplemented with 11 or 22 mg/kg of virginiamycin.
Chromic oxide (0.40%) was included in all diets as an indigestible marker, and vitamins and minerals were included in the diets to meet or exceed current requirement estimates for 20-to 50-kg pigs (NRC, 1998) .
Pigs were randomly allotted to 3 treatment groups with 5 pigs per treatment in a completely randomized design. All pigs were fed the basal diet during the first 7-d period (wk 1; Table 3 ). During the following three 7-d periods (wk 2, 3, and 4), pigs were fed either the basal diet or 1 of the 2 diets containing virginiamycin, but all pigs received the basal diet during the last two 7-d periods (wk 5 and 6). The initial 5 d of each period was a period of adaptation to the diet. Ileal digesta were collected on d 6 and 7 by removing the cap of the cannula and attaching a 225-mL plastic bag to the cannula barrel using a cable tie. Bags were removed whenever they were filled with digesta, or at least once every 30 min, and digesta were collected for 8 h on each of the 2 collection days. All collected samples were immediately stored at −20°C to prevent bacterial degradation of the AA in the digesta.
Chemical Analysis
At the conclusion of the experiment, the frozen ileal samples were allowed to thaw at room temperature and were mixed within animal and collection period, and a subsample was collected for chemical analysis. A sam- All diets were formulated to contain 3,305 kcal of ME/kg, 0.63% Ca, 0.55% P, 0.23% relative bioavailable P, and 0.88% standardized ileal digestible Lys. The analyzed concentration of virginiamycin (virginiamycin premix, Stafac 2.2%, Phibro Animal Health, Ridgefield Park, NJ) was <2.0, 11.4, and 19.1 mg/kg for the diets formulated to contain 0, 11, and 22 mg/kg, respectively. ple of each diet was collected as well. Ileal samples were lyophilized and finely ground before chemical analysis. All samples were analyzed for DM by drying in an oven at 135°C for 2 h (AOAC, 2005; method 930.15) and for CP (AOAC, 2005; method 990 .03) using a combustion N analyzer (Rapid N Cube, Elementar Americas Inc., Mt. Laurel, NJ). Concentrations of AA were analyzed using ninhydrin for postcolumn derivatization and norleucine as the internal standard. Before analysis, samples were flushed with N and hydrolyzed with 6 N HCl for 24 h at 110°C. Methionine and Cys were analyzed as Met sulfone and cysteic acid after cold performic acid oxidation overnight before hydrolysis. Tryptophan was determined after alkaline hydrolysis for 22 h at 110°C (AOAC, 2005; method 988.15) . The concentrations of Cr in diets and ileal digesta samples were measured using inductively coupled plasma mass spectrometry (AOAC, 2005; method 990.08) after nitric acid-perchloric acid wet ash sample preparation (AOAC, 2005; method 968.088D).
Calculations and Statistical Analysis
The AID values of CP and AA in samples obtained from feeding the experimental diets were calculated as outlined previously (Stein et al., 2007) . Data for each treatment group were analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC). The model included period as the independent variable and AID values as response variables within dietary treatment groups. Single degree of freedom contrasts were used to compare effects of virginiamycin within each treatment group (e.g., wk 1 vs. wk 2, 3, and 4; wk 2, 3, and 4 vs. wk 5 and 6; and wk 1 vs. wk 5 and 6). Results for all treatment groups for wk 2, 3, and 4 were analyzed as repeated measures using the MIXED procedure (Littell et al., 1998) . Fixed effects included week, dietary treatment, and the interaction between week and treatment. Appropriate covariance structures were chosen based on the Akaike information criterion. Orthogonal polynomial contrasts were used to determine linear and quadratic effects of virginiamycin concentration. The animal was the experimental unit. The α level used for determination of significance among means was 0.05.
RESULTS
Pigs remained healthy throughout the experiment and readily consumed their diets. The ADG of the pigs during the experiment was 778 g and the final BW was 67.7 ± 3.4 kg. The analyzed concentration of Cr in the diets was between 99 and 103% of the expected value.
For pigs fed the basal diet throughout the experiment, the AID for CP and all AA except Glu were not influenced by period (Table 4) . For pigs fed the diet containing 11 mg/kg of virginiamycin during wk 2, 3, and 4, the AID of all indispensable AA, except Arg, His, and Ile, and the AID of the mean of the indispensable AA increased (P < 0.05) by 2.0 to 6.7 percentage units during wk 2, 3, and 4 compared with wk 1 (Table  5 ). The AID of Ala, Pro, and Tyr also increased (P < 0.05) during wk 2, 3, and 4 compared with wk 1, but that was not observed for the remaining dispensable AA. However, the increased AID of AA was not maintained when virginiamycin was withdrawn from the diet, and for all AA except Leu, Glu, and Pro, no difference in the AID was observed between wk 5 and 6 and wk 1. For pigs fed the diet containing 22 mg/kg of virginiamycin in wk 2, 3, and 4 and the basal diet during the remaining periods, the AID of Trp and Val was greater (P < 0.05) in wk 2, 3, and 4 compared with wk 1 (Table  6 ). The AID of all AA in wk 5 and 6 was not different from the AID in wk 1.
When data for wk 2, 3, and 4 were pooled within each treatment group, no interactions between week and treatments were observed (Table 7 ). The AID of CP, the mean of all indispensable AA, and the mean of all indispensable AA except Arg, His, Lys, and Thr increased (linear, P < 0.05) as the inclusion of virginiamycin in the diet increased from 0 to 11 and 22 mg/ kg. A tendency (P < 0.10) for a linear increase was observed for His and Thr, and a tendency (P < 0.10) for a quadratic increase was observed for Lys as the inclusion of virginiamycin increased from 0 to 11 and 22 mg/kg in the diets. The AID of Ala, Cys, Glu, Pro, and Tyr also increased (linear, P < 0.05) as the concentration of virginiamycin increased in the diet. The AID of Arg and Ser decreased (P < 0.05) from wk 2 to wk 3 and 4, but the AID of all other AA did not change among wk 2, 3, and 4.
DISCUSSION
In this experiment, period represents both age and BW of the pigs, but over the 6 wk when we fed experimental diets, there were no changes in the AID of AA for pigs fed the basal diet. The digestibility for energy is generally greater in heavier or more mature pigs than in lighter or less mature pigs (Graham et al., 1986; Noblet et al., 1994) , but results of this experiment demonstrated that the AID of AA was not influenced by the BW of growing pigs within the BW range of 35 to 67 kg. This observation is in agreement with data showing that the AID of AA in growing pigs is similar to the AID of AA in sows if both groups are allowed ad libitum access to feed (Stein et al., 1999) . Kim et al. (2007) also failed to demonstrate a relationship between BW and total tract digestibility of DM in pigs in the BW range of 38 to 72 kg. The fact that there was no period effect on the AID of AA for pigs fed the basal diet indicates that pigs do not change the AID of AA during this period if they are fed the same diet. Any period effects in the AID of AA that were obtained for pigs fed the diets containing virginiamycin can, therefore, be attributed to the presence of virginiamycin in these diets. Table 5 . Effects of feeding period and virginiamycin on the apparent ileal digestibility of AA (%) in pigs fed a corn-soybean meal diet supplemented with 11 mg/kg of virginiamycin in wk 2, 3, and 4 and the basal diet containing no virginiamycin in wk 1, 5, and 6 Stewart et al.
The improvement in the AID of most indispensable AA that was observed when virginiamycin was added to the basal diet is in agreement with data showing that the AID of AA is increased if 50 mg/kg of virginiamycin is added to a semipurified diet based on skim milk powder and cornstarch (Dierick et al., 1986 ). An increase in total tract digestibility of CP was also observed in pigs fed virginiamycin-supplemented diets compared with pigs fed nonsupplemented diets, and the increased digestibility was accompanied by a longer digesta retention time (Ravindran et al., 1984) .
Effects of virginiamycin on growth promotion of pigs have been explained by several modes of actions: 1) inhibition of gram-positive bacterial growth, 2) decrease in the decarboxylation and deamination of AA, 3) reduction in the synthesis of lactate and VFA, and 4) a slower rate of digesta passage through the intestinal tract (Cocito, 1979; Dierick et al., 1986; Cromwell, 2001) . These actions are all indirectly associated with changes in the intestinal microflora. If bacterial cells are treated with virginiamycin, the bacterial growth is prevented for a prolonged time after removing virginiamycin from the diet, which is called "bacteriopause" (Cocito et al., 1997) . However, the results of this experiment indicate that virginiamycin has a rapid digestibility-improving effect and that this effect is not increased over time. We are not aware of any other data that have demonstrated this effect, but the present data indicate that virginiamycin introduces relatively rapid changes in AA digestibility. The AID of all AA returned to the values observed in wk 1 when virginiamycin was removed from the diet, and there was no carryover effect of virginiamycin on the AID of AA. This observation is in agreement with the fact that there is no carryover effect of virginiamycin on growth performance of pigs (Pelura et al., 1980) . Increased absorption of AA from an isolated loop of the small intestine in pigs fed diets containing virginiamycin has been demonstrated (Dierick et al., 1981 (Dierick et al., , 1986 , and the absorption of glucose, galactose, Arg, and His in mice was also increased if virginiamycin was included in the diet (Madge, 1969) . Virginiamycin may also enhance the activity of some of the enzymes associated with nutrient absorption, including alkaline phosphatase, Na + -K + adenosine triphosphatase, and amino peptidase (Dierick et al., 1981 (Dierick et al., , 1986 . These observations indicate that the increase in the AID of AA, which is observed when virginiamycin is included in the diet, is probably modulated directly by virginiamycin.
In conclusion, results of this experiment demonstrated that inclusion of virginiamycin at 11 or 22 mg/kg to a corn-soybean meal diet fed to growing pigs increased the AID of AA. The increase was observed after 1 wk of feeding virginiamycin, and the effect was not maintained when virginiamycin was removed from the diet. Further research is needed to elucidate the mechanisms by which virginiamycin interacts with AA digestibility. The interaction between dietary treatment and week was not significant (P > 0.05).
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